C0-HA composite produced by simple electroless deposition method was studied. From the particle size analysis by Malvern particles analyzer its shows that 19% increment in average of the particle size powder increase after the electroless process with higher cobalt (II) chloride and reduction agent concentration. By EDX and XR-D analysis it was confirmed that cobalt metal was deposited onto HA and contribute to uniform distribution in morphologies by SEM analysis. The Vickers hardness result of up to 430HV was achieved after sintering process at 1250 o C. The experimental results demonstrated that the Co-HA powder was successfully prepared by using this method and provide distinct advantages such as uniformity of deposition at lower cost and simple process.
Introduction
Hydroxyapatite (HA) being chemically similarly to the inorganic constituent of bone mineral and owing to its excellent biocompatibility, has been studied extensively as a bone replacement materials [1] The used of synthetic HA is however, limited to low load bearing applications due to its inferior mechanical properties compared to cortical bone [2, 3] .
Currently there is a high demand in research to design metallic biomaterial composite to enhance the mechanical properties of hydroxyapatite. An alternative to obtain an implant owing both bioactivity and appropriate mechanical properties is the hydroxyapatite coating on metallic materials [3] . Previous researcher reported that titanium and cobalt alloys have been coated with HA coating by physical treatment to enhance the biocompatibility [4, 5, and 6] . However the treatment may destroy the structure of the HA coating because of the deleterious effect of intense heat on substrate [7] .
Thus, a new alternative from this work comes out which is used electroless technique which provide a distinct advantages such as uniformity of deposits on complexes shapes, lower cost with simple processing [8] . But in this study, the technique was modified without conventional sensitization and activation treatment process. The main aim of this work was to investigate the production of cobalt deposition on to hydroxyapatite powder using this modified electroless technique. The surface morphologies and composition of Co-Ha powder after electroless and sintering process were investigate. The effect of Co concentration, amount of reduction agent in bath solution and sintering temperature to Co-HA preparation also were studied.
Materials and methods
The electroless bath solution with 400ml deionised water containing the composition as mentioned in Table 1 . HA powder is a main material and Sodium Hypophosphite as reducing agent was supplied by Sigma Aldrich and Cobalt (II) Chloride supplied by HmbG chemical. All of the chemicals were analytical reagent grade. Electroless deposition process was carried out in alkaline solution and maintained at 65 o C. The total of electroless process time was 1 hour with condition of 350rpm stirred magnetic bar. The composite powder was cleaned with de-ionised water for several times and dried at 70 o C for a night. 
Results and discussions
Co-HA powder characterization. Figure 1a ) and 1b) show the average particle size of HA powder after electroless deposition process at difference CoCl 2 and NaH 2 PO 2 concentrations. From the plotted graph in Figure 1a ), 20g/LCoCl 2 shows 11% increment in average particle size compared to 10g/LCoCl 2 . The value increased rapidly up to 19% with higher reduction agent concentration as shown in Figure 1b ). a) b) Figure 1 : Particles size distribution rate of difference a) CoCl 2 concentration and b) reduction agent concentration..
From Figure 2 , it shown that Ca, P and O elements were present in all result indicated the main constituents in HA powder. Spectrum of cobalt occurs onto Co-HA powder in Figure 2b ), 2c) and 2d) after electroless deposition process. It clearly was confirm that the existence of cobalt in the HA powder after the electroless process. The intensity of the spectrum peaks effect by the differences of CoCl 2 and reduction agent concentration. Low cobalt content of 0.77%wt was detected in Co-HA powder as shown in Table 2 . On the other hand, 3.85%wt of cobalt was obtained in Co-HA powder at higher CoCl 2 concentration and the amount was increased to 5.6%wt with higher reduction agent concentration used in the process.
High loading of reduction agent into the process resulted high amount of ion Co can be reduced and deposited on to HA powder. This phenomenon was based on the following equation below. From the equation (1), (2) and (3), it shows that the mole of Co ion in bath solution is influenced by the mole of reduction agent. Figure 2 : EDX spectra of the HA powder before and after electroless process.
Table2. Element content of cobalt by EDX (%wt) analysis.
Powder % wt of Cobalt
Pure HA 10 g/ l CoCl 2 20 g/ l CoCl 2 50 g/L NaH 2 PO 2 -0.77 3.85 5.55
The Co-HA powder was investigated by means of X-ray diffraction (XR-D) to proven the element of cobalt exists onto HA after electroless process. Figure 4 shows the peaks intensity of HA pure powder and Co-HA composite powder. Refer to the JCPDS (JCPDS no 96-230-0274), all most the peaks spectrum for HA pure clearly occurs in pure HA powder (Figure 4(a) ). For Co-HA powder in Figure 4 Figure 5 , the hardness measurement of sintered Co-HA after sintering process at 1250 o C with different CoCl 2 and reduction agent concentration in electroless bath solution was obtained. From the results, the hardness of Co-HA was increased up to 430 HV with increasing the concentration of CoCl 2 and Na 2 HPO 2 . Its shows that higher cobalt content deposited on HA powder ( Table 2 ) and homogeneous cobalt distribution microstructure (Figure 4 ) enhances the hardness of sintered specimen. Figure 5 : Hardness of sintered specimen with difference of CoCl 2 and NaH 2 PO 2 concentration.
Conclusions
Co-HA composite powder was successfully prepared by modified electroless deposition process without conventional sensitization and activation treatment. From the EDX and XR-D analysis, the deposition of Co onto HA powders was confirmed and well distribution of cobalt in HA can be observed from SEM morphology after sintering. The amount of Co and reduction agent concentration influences the hardness of sintered Co-HA.
